Soft Wheat Quality Laboratory (Wooster, Ohio) conducted quality evaluations during Ambassador's development, and deoxynivalenol (DON) testing was performed at the University of Minnesota. Regional testing was conducted in Ontario, Canada (Ontario Performance Trial, OPT) as well as in the 2007 Uniform Eastern Soft Red Winter Wheat Nursery (UESRWWN) in cooperation with numerous colleagues.
The objective of the cross was to create a high-yielding soft white winter wheat variety adapted to Michigan and the surrounding region with good agronomic performance and acceptable quality. Soft white winter wheat is used in many wheat-related industries and is a large portion of the wheat market in Michigan. Ambassador is an F 7 derived line that was released because of its excellent grain and fl our yield as well as good winterhardiness. Recognized weaknesses of Ambassador include susceptibility to Fusarium head blight (FHB, caused by Fusarium graminearum Schwabe) with high accumulation of DON and lower-than-average test weight. The name Ambassador was chosen because its performance excels in both the United States (Michigan) and Canada (Ontario), bringing together white-wheat growers on both sides of the border.
Materials and Methods
Ambassador (tested under experimental names E0028, E0028-3, and E0028-R6 in successive years) was selected from the cross Pioneer '2737W' (PI 561197)/D1148 made in 1994 at MSU. 2737W is a soft white winter wheat developed by Pioneer Hi-Bred International Inc. D1148 is a soft white winter wheat developed by MSU with the pedigree I2214/B0246//'Yorkstar' (Jensen, 1968 (CI 12653)//'Arrow' (Jensen, 1973) . Both I2214 and B0246 are unreleased experimental breeding lines developed by the MSU breeding program and complete pedigree information is not available.
Early Generation Population Development
Ambassador was developed using a modifi ed bulk-breeding method. The cross between the two parents, designated as cross population 940310, was made in the greenhouse in the spring of 1994. The F 1 seed was advanced in the greenhouse in the fall of 1994. The F 1 and F 2 generations were bulk harvested and planted in single drill plots (2.7 m long, seven rows, 15.2-cm spacing) in the fi eld in Mason, Michigan in the fall of 1995 and 1996, respectively. From the F 3 drill plot, F 4 seed was bulk harvested and planted in one space-planted fi eld plot (15.2 m long, four rows, 38-cm spacing between rows, and 17.8-cm spacing of seeds within a row) in the fall of 1997.
From the F 4 plot, 40 heads were selected (see criteria for selection below) and planted as F 5 headrows in the fall of 1998. Fourteen F 5 headrows were selected and each was sampled for three to seven heads, which were planted as F 6 headrows in the fall of 1999. The remainder of the plants in the selected F 5 headrows were bulk harvested (by headrow) and planted as F 6 drill plots in the fall of 1999.
Advanced Generation Development
One F 6 drill plot (entry 155), corresponding to fi ve F 6 headrows (the drill plot and headrows all derived from a single F 5 headrow), was harvested and planted in the 2001 preliminary yield trial (PYT) under the experimental line designation E0028. Three of the fi ve corresponding F 6 headrows were bulk harvested individually and space planted as three F 7 plots in the fall of 2000. From each of the F 7 plots (experimental names E0028-1, E0028-2, and E0028-3), individual plants were harvested and each plant was used to sow a single F 7:8 plot (15.2 m long, four rows, 38-cm spacing between rows, and 17.8-cm spacing of seeds within a row) in the fall of 2001. The remainder of the E0028-2 F 7 plot was bulk harvested and used to plant the 2002 advanced yield trial (AYT). One F 7:8 space-planted plot was selected, from which two plants were harvested and planted as F 8:9 space-planted plots with the experimental name E0028-R6. In addition, a bulk of the remainder of the F 7:8 plot was planted in the 2003 AYT. From the two F 8:9 plots, 10 individual plants were selected and planted as F 9:10 spaceplanted plots. The remainder of plants in the F 8:9 plots were bulk harvested and planted in the 2004 Michigan State Performance Trial (MSPT). Four of the 10 F 9:10 space-planted plots were selected, from which 19 plants were harvested and planted as F 10:11 space-planted plots in the fall of 2004. The remainder of the four plots was bulk harvested and planted in the 2005 MSPT under the experimental name E0028-R6. From the 19 F 10:11 plots, , 16 plots (derived from a single F 7 plant) were selected and bulk harvested. This bulk was used to plant an F 7:12 increase and purifi cation plot in Colorado in 2005. A bulk of E0028-R6 was used to plant the F 7:12 in the 2006 MSPT. In 2006, the seed increase from Colorado was used to plant the F 7:13 for a second increase in 
Yield Trial Design
E0028 (also tested as E0028-2, E0028-R6) was included in the following replicated yield trials harvested in through 2008 : PYT (2001 , AYT (2002 and 2003) , MSPT (2004 MSPT ( −2008 . Yield trial plots were planted in the following manner: All were planted in six locations throughout Michigan. Plot size was 3.4 m long, seven rows, 15.2-cm row spacing for 2001 and 2002, but 3.7 No foliar fungicides were applied, and weeds and insects were controlled as needed with Harmony Extra and Lannate, respectively. All but one of the yield trial sites was harvested on a single day (a single site per day). However, analysis of data from the site where harvest was divided into two different days revealed that the yield and test weight were not negatively impacted. For 2003 For , 2006 , one, one, and two yield trial sites, respectively, were not harvested because of various problems. Yield was calculated using the entire area of the plot, including the wheel tracks between plots. Yield and testweight data were collected for all harvested locations and all replications of the MSPT in each year. Other data were recorded opportunistically, because the traits were apparent in some years and not others. For each year that trait data were collected, at least two replications were observed in at least two locations, with the exception of Wheat spindle streak mosaic virus (WSSMV), for which two replications were observed at one location in 2006; Barley yellow dwarf virus (BYDV), for which four replications were observed in one location in 2007; and stripe rust (caused by Puccinia striiformis Westend.), for which three replications were observed in one location in 2007. Since grain color was a major distinction between entries in the trial, grain color was also recorded. Before milling, samples were aspirated to remove broken, shrunken, and diseased kernels. Whole-grain moisture determination used low-speed corrugated rolls to coarsely break the grain and then the oven-drying method (method 44-15A) of the American Association of Cereal Chemists (AACC, 2000) to measure grain moisture content. Samples were then tempered to 15% grain moisture. Tempered grain samples were milled after 48 h to allow for uniform moisture distribution throughout the kernels. Samples were milled using modifi cations to AACC method 26-50 as described by Finney and Andrews (1986) . Milling of 200-g samples was conducted on a modifi ed Quadrumat Junior fl our mill (Brabender Co., Duisburg, Germany) in a controlled temperature and humidity room (19 to 21°C and RH 55 to 60%). Product from the mill was recovered for sifting on a Great Western sifter box (Great Western Mfg., Leavenworth, KS) to separate mill product into bran (particles remaining above a 470 μm mesh), fl our mids (between 470 and 180 μm mesh), and fi ne fl our (particles passing through a 180 μm mesh). Flour mids were further processed through reduction milling with smooth rolls on a second Quadrumat Junior mill and sieved on a Great Western sifter box using a 213 μm mesh screen to produce baking-quality fl our. Softness equivalent was calculated as the fi ne fl our (fl our passing through the 180 μm mesh screen) recovered from the fi rst milling process and expressed as a percent of the total weight of milled grain. Softness equivalent is an estimator of break-fl our yield from a long-fl ow multistream fl our mill. Flour yield was corrected based on softness equivalent to predict fl our yield on the long-fl ow experimental Allis Chalmers mill at the Soft Wheat Quality Laboratory (Gaines et al. 2000) .
Line Selection
Flour quality was analyzed using the solvent retention capacity (SRC) test, AACC method 56-11 (AACC 2000) , with the following modifi cations. Flour sample size for the SRC analysis was 1 g, which was suspended in 5 g of solvent. Disposable glass centrifuge tubes were used for the analysis. Suspension of the fl our in the solvent used a vortex mixer for 20 s at 5-min intervals for 15 min. All other protocols conformed to the AACC standard method. Lactic acid SRC was used for all 4 yr of the evaluations; all other solvents were used for fl our analysis only in 2007 and 2008. Initial fl our moistures were determined by oven method (AACC method 44-16). Flour protein was determined using nearinfrared refl ectance spectroscopy (SpectraStar 2400, Unity Scientifi c, Columbia MD) calibrated by combustion analysis (rapid N III, Elementar Analysensysteme, Hanau, Germany) of a subset of samples each year. Baking evaluation for soft wheat quality used the micro sugar-snap cookie method (AACC method 10-52). The diameters of each of two cookies were measured at four different positions, and the four measurements were averaged and reported as the sum of two cookie diameters. A visual assessment of topgrain cracking of the cookie surface also was scored using a scale of 0 to 9 by comparing to photographs of standard leaf rust [caused by Puccinia recondita Roberge ex Desmaz. f. sp. tritici (Eriks. & E. Henn.) D.M. Henderson]. Selection based on many of these traits was very much infl uenced by environmental conditions that made them evident in some years, but not all. From the F 7 onward, E0028 was evaluated in replicated multilocation yield trials in Michigan, where milling and baking performance were used as selection criteria in addition to the standard yield-test criteria.
Traits measured in replicated trials conducted from 2001 onward in Michigan included grain yield (kg ha −1 , adjusted to 13% moisture), test weight (kg hL −1 ), fl owering date (days after 1 January), plant height (cm), and black point (percent observed post-harvest). Additionally, the following traits were observed and recorded on a scale of 0 to 9, where 0 was desirable: plant lodging, winter injury, leaf rust, stripe rust, powdery mildew, leaf blotch, BYDV, and WSSMV.
In each year that E0028 was included in a Michigan yield trial (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , it was also included in MSU's artifi cially inoculated and overhead mist-irrigated FHB screening nursery. Plot sizes, inoculation methods, and number of replications evaluated in the FHB nursery varied by year. The FHB data from the MSPT reported here (2006) (2007) (2008) were from trials inoculated with wheat grain, plus barley (Hordeum vulgare L.) grain (1:1) in 2008, colonized with Fusarium graminearum lineage 7. Inoculum was spread in the trial at a rate of 27 to 33.6 kg ha −1 (rate varied by year) per inoculation date. Inoculum was applied twice, approximately 2 wk apart, to the entire trial. The fi rst application date was applied when it was predicted that anthesis would occur approximately 2 to 3 wk later. Genotypes were planted as 1-row plots, 1.2 m long in 2006 and 1.5 m long in 2007 and 2008. Overhead mist irrigation was employed on an hourly schedule following the application of the inoculum and through the completion of fl owering. Data on both incidence and severity were collected and used to calculate the FHB index (FHB index equals the product of incidence and severity, divided by 100) to represent the percentage of overall FHB infection in a plot. Deoxynivalenol mycotoxin data were also collected from samples harvested from the FHB nursery fi eld trials. Deoxynivalenol from the 2006 through 2008 harvests was quantifi ed in parts per million using gas chromatography mass spectrometry at the University of Minnesota (Fuentes et al., 2005) .
E0028 was also evaluated at additional sites through cooperative regional tests, including the 2007 UESRWWN (coordinated by the USDA-ARS, 59 cooperators in 22 U.S. states) and the 2007 and 2008 OPT (10 sites, Ontario, Canada). Trait data collected in the UESRWWN included a wide range of data pertaining to agronomic potential, growth habit, disease and pest resistance, quality, and molecular marker data for a select group of loci. Data collected in the OPT also included agronomic traits and disease resistance. have been observed as follows: plants with brown chaff <0.03%, extreme talls (i.e., greater than 20 cm above the average height of the canopy) <0.05%, awned or apically awned <0.06%, red seed <0.5%. These variants are within commercially acceptable limits.
Quality Evaluations

Field Performance
In the MSPTs, the fl owering date of Ambassador (152.3 d after 1 January) is the same as the trial mean (Table 1 ). In addition, the amount of lodging (2.8) and winter injury (0.8) are not markedly different from the 2-yr and 1-yr trial means for these traits (3.5, 1.8, respectively).
The 4 Table 2) . Of the cultivars presented in Table 2 , only '25R47' was consistently higher yielding than Ambassador in each of the 4 yr, although this difference of 477 kg ha −1 (LSD 0.05 = 289 kg ha ). The OPT data are reported according to specifi c areas, which are defi ned according to climatic conditions. Area I is the southwest portion of Ontario, which is the warmest, Area II is less warm and has more snowfall, and Area III is eastern Ontario, which has more ice accumulation (Peter Johnson, personal com- cookies. More extensive cracking of the cookie surface indicate greater collapse of the cookie at the end of the baking sequence and is generally preferred for soft wheat quality. Higher scores indicate greater amounts of surface cracking.
Statistical Analyses
Michigan State University yield trials (PYT, AYT, MSPT) and associated FHB screening trials were planted in replicated α-lattice or randomized complete block designs. Data from these trials were analyzed by residual maximum likelihood (Patterson and Thompson, 1971 ) using version 3.4 of the program REML (Thompson et al., 1982) , which considers locations and replications. Coeffi cients of variation and the LSDs using a P value of 0.05 were also determined. For quality analyses, an F test for signifi cance of genotypes used an analysis of variance in SAS PROC GLM (SAS version 9.0, 2003) assuming that genotypes were fi xed and years were random effects and that the error term for genotypes was the interaction of genotypes and years. When possible, trait data are presented as averages across years (3-yr averages except for yield, test weight, and quality, for which 4-yr averages are presented), although not all traits were assessed in each year.
Characteristics
The majority of data presented below were collected on the MSPT. Tables 1 to 4 were determined using data of the entire trial each year, of which the reported cultivars are a subset.
Agronomic and Botanical Description
At the seedling stage, Ambassador has white or clear (no anthocyanins) coleoptiles, a semiprostate juvenile plant growth habit, glabrous leaves with medium green lower leaf blades, and medium tillering capacity at low densities. At the boot stage, fl ag leaves are medium green and glabrous (with some waxiness on lower side), of medium width and length, and slightly recurved, have green and slightly pubescent auricles, and have a fl ag leaf sheath that is glabrous with a somewhat waxy bloom. At maturity, Ambassador is of medium height (90.5 cm, not signifi cantly different from the MSPT trial mean of 89 cm) has straight culms with slightly waxy and glabrous upper internodes, is slightly pubescent on margins of the rachis, and has thickwalled white-colored straw. The spike is white, awnletted, inclined, and oblong in shape, has a pronounced waxy bloom, and is medium in length and density. Glumes are glabrous and of medium width and length with oblique shoulders and medium-length obtuse beaks. Ambassador has kernels that are white in color, soft in texture, and oval to ovate in shape, have a rounded cheek shape, and have a medium brush with midlong brush hairs.
Ambassador has been found to be uniform and stable in its performance in replicated yield trials, including more than 4 yr of MSPTs. Ambassador remains essentially unchanged in its primary and distinctive characteristics following sexual reproduction. Variants, though infrequent, 'McCormick' (6.7, LSD 0.05 = 1.5) and 'Bravo' (5.8) had higher values than Ambassador (5.2), and 'Hopewell' (5.2), the most widely grown soft red wheat in Michigan, was equivalent. Ambassador's powdery mildew resistance (2.8) was similar to the trial mean (2.7). However, BYDV data from 2007 show that Ambassador's susceptibility (4.0) was greater than the trial mean (2.1), and only 'Emmit' (4.5, LSD 0.05 = 1.7) was more susceptible than Ambassador. In 2006, WSSMV was present and rated in Michigan. Ambassador (2.9) was similar to the trial mean (3.3) for susceptibility and was signifi cantly less susceptible than Roane, Emmit, and 'DF101' (9.0, 6.0, and 7.0, respectively, LSD 0.05 = 3.1). When rated for post-harvest black-point percentage, Ambassador's resistance (11.7%) was greater than the trial mean (17.6%), and it was signifi cantly more resistant than many other entries (LSD 0.05 = 15.2%).
Stem rust (caused by Puccinia graminis f. sp. tritici Eriks. & E. Henn.) and leaf rust were evaluated with multiple
Disease and Insect Resistance
Ambassador has been characterized for disease and insect resistance in Michigan and through cooperative regional evaluations (Tables 3 and 4) . Although the FHB incidence in Ambassador (69.9%) was similar to the 3-yr average of the MSPT (62.3%), Ambassador's FHB index (28.4%) was only signifi cantly less than that of Caledonia (42.0%, LSD 0.05 = 15.6%). Knott et al. (2008) showed that although visual symptoms of red-versus white-grained wheat are not signifi cantly different, the associated mycotoxin accumulation in white wheat is higher than red wheat. In comparison with other white wheat cultivars included in the MSPTs, the 3-yr average of Ambassador for DON (10.0 ppm) is higher than for all other cultivars in Table 3 , with the exception of Crystal (10.4 ppm), and is signifi cantly higher than that for 'Aubrey' (4.1 ppm, LSD 0.05 = 5.6).
Ambassador's responses to additional diseases are presented in Table 4 . Regarding leaf rust incidence, only # Cultivars listed as "private company" were provided by private companies without information of their origin. † † na, not available. fl our protein concentration (Table 5 ). Based on 4 yr of evaluation, Ambassador and Caledonia have similar sugar-snap two-cookie mean diameters (18.86 and 18.65 cm, respectively, LSD 0.05 = 0.51 cm). The top grain scores (0 to 9 scale, where 9 is desirable) for Ambassador and Caledonia also were similar (4.3 and 4.9, respectively, LSD 0.05 = 1.5). The SRC profi le for Ambassador was not signifi cantly different from that of Caledonia for any of the four solvents evaluated (Table 5) 
Quality
Ambassador has good soft wheat quality for pastry products based on milling and fl our measurements. It is well accepted in the industry as a cultivar with targeted soft white quality attributes. Ambassador had greater fl our yield than Caledonia at similar levels of softness equivalent and OE allele that encodes the over-expressing, high molecular weight glutenin subunit Bx7, which contributes to stronger gluten (Ragupathy et al., 2008) . However, since the other high molecular weight glutenins are weak, notably the Glu-D1a allele at the Glu-D1 locus, Ambassador has only moderate gluten strength compared with other eastern soft winter wheat genotypes.
Availability
Breeder, foundation, and certifi ed seed of Ambassador are maintained by Genesis Brand Seed, P.O. Box 21805, Lansing, MI 48910 under exclusive license from MSU. At the request of its licensee, MSU is pursuing patent protection for Ambassador. A seed sample will be deposited in the American Type Culture Collection patent depository, where it will be available for distribution on issuance of the patent. Small quantities of seed for research purposes may be obtained from the corresponding author with a Material Transfer Agreement in accordance with the provisions of the Wheat Worker's Code of Ethics. ------------------0-9 § --------------------% ¶ 
